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(57) ABSTRACT 

Cooling devices are provided to reduce a person’s tempera 
ture by evaporative, convective, and/or conductive cooling. 
One such device maximizes evaporative cooling by aiding 
the How of air to the person and the removal of vapor-laden 
air from the person. An upper sheet and a base sheet are 
adhered to de?ne numerous elongated, parallel, in?atable 
cooling chambers separated by ?at connecting membranes. 
Ventilating cross-members interconnect the cooling cham 
bers. Air enters the chambers through an inlet, exits the 
chambers toWard the person through air permeable regions 
of the base sheet. Air heated by the person’s body exits the 
device upWard through evaporation openings in the con 
necting membranes. The foregoing device, or different 
variations thereof, may be modi?ed for use in conductive 
cooling by adding an absorbent sheet beneath the base sheet, 
or substituting the absorbent sheet for the base sheet itself. 
This device directs air upon the Wetted absorbent sheet to 
cool this layer, and thereby conductively cool the patient’s 
skin in thermal contact With the absorbent sheet. As one 
example, this device may be con?gured in serpentine shape, 
With multiple Winding segments. The device may include 
body-contour slits extending inWard from the perimeter, 
permitting the device to conform to a person’s legs and 
outstretched arms. Cooling devices may also include 
optional features to enhance thermal contact betWeen the 
absorbent sheet and the person’s skin, and/or to prevent 
Water runoff from the cooling ?eld. 
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COOLING DEVICES WITH HIGH-EFFICIENCY 
COOLING FEATURES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to devices that utilize 
evaporative, convective, and/or conductive cooling to cool 
the human body in aid of surgery, medical treatment, 
therapy, or comfort. Some exemplary cooling structures 
include various con?gurations of thermal cooling devices. 

[0003] 2. Description of the Related Art 

[0004] Temperature control in humans has important 
medical consequences. In order to maintain optimum health, 
the human body must maintain a core temperature Within a 
very narroW range. Core body temperature changes as small 
as 0.1° Celsius trigger thermoregulatory responses such as 
vasoconstriction, vasodilation, shivering, or sWeating. A 
narroW temperature range is optimal for human cellular 
functions, biochemical reactions, and enZymatic reactions. 
Outside this range of temperatures, the human body expe 
riences hypothermia (excessive cold) or hyperthermia 
(excessive hot). 
[0005] Hyperthermia can result from illness or environ 
mental heat stress, among other causes. In some cases, 
healthy people suffer hyperthermia When their natural cool 
ing mechanisms, such as sWeating, are overWhelmed during 
heavy physical Work in a hot environment. This situation can 
become even Worse if the person fails to drink enough ?uids, 
and therefore cannot sWeat adequately. Heat stress disorders, 
categoriZed in ascending order of severity, include: heat 
cramps, heat syncope, heat exhaustion, and heat stroke. 
Normally, discomfort causes people choose to stop Working 
before the onset of heat exhaustion, but competitive athletics 
or military activities sometimes push people beyond the 
limits of health. 

[0006] Hyperthermia can also result from fever associated 
With illness. Fever may arise from infection, tumor necrosis, 
thyroid storm, malignant hyperthermia, brain injury, and 
other causes. Brain injuries that cause hyperthermia usually 
involve the hypothalamus, and may be caused by tumors, 
stroke, head injury, or cardiac arrest (in the case of ischemic 
brain injury). 

[0007] Some consequences of hyperthermia include ?uid 
and electrolyte imbalances, increased cellular metabolic 
rates, and cognitive impairment. More serious consequences 
include motor skill impairment, loss of consciousness, and 
seiZures. Ultimately, hyperthermia can cause irreversible 
cellular injury (especially of the highly metabolic brain and 
liver cells), organ failure, and death. Hyperthermia is a 
condition that, depending on its severity, may require imme 
diate cooling treatment to return the person’s core tempera 
ture to normal. 

[0008] Cooling treatment may also have other important 
uses. In some situations, mild or moderate hypothermia is 
believed to provide bene?cial protection against injury. 
Moreover, induced hypothermia can be bene?cial When the 
blood How to some or all of the brain has been interrupted. 
Brain ischemia due to an interruption of blood How may 
occur during cardiac arrest, surgery on the blood vessels of 
the brain, stroke, traumatic brain injury, or open heart 
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surgery. Cooling the brain before (or in some cases after) 
these events can protect the brain from injury, or at least 
decrease the severity of the ultimate brain damage. 

[0009] Physicians have used various devices and tech 
niques to cool the human body, including pharmacological 
cooling and various types of mechanically induced cooling. 
Mechanically induced cooling approaches generally fall into 
one of these categories: conductive, convective, or evapo 
rative. While different implementations have been tried, 
many are limited by lack of practicality, dif?culty of use, 
ineffectiveness, and/or excessive poWer consumption. 

[0010] One example of conductive cooling involves pack 
ing a hyperthermic person’s body in ice, or immersing the 
person in cool or cold Water. While ice is an effective cooling 
agent, it is painful to the person, potentially damaging to the 
skin, dif?cult to obtain in large quantities, and impractical 
for long term use. Water baths can be effective, although 
they are not practical for the comatose or intensive care 
patient, or for long term use. In one less effective, but 
common method of conductive cooling, a person may be 
placed in contact With a cold-Water-circulating mattress 
and/or cover. Water inside the mattress removes heat from 
the person by conduction Wherever the surface of the 
mattress thermally contacts the person’s skin. Although 
there is some bene?t to such devices, they are often uncom 
fortable and heavy, and provide inef?cient thermal contact 
because they are not precisely shaped to the body. 

[0011] In contrast to conductive cooling, convective cool 
ing involves bloWing air onto a person. Convective cooling 
is the least effective method of cooling from a thermody 
namic point of vieW. Room temperature air can be bloWn 
very inexpensively With a fan. HoWever, its cooling effec 
tiveness is severely limited due to the thermal capacity of air, 
and related heat transfer coef?cients. 

[0012] For more ef?cient convective cooling, the air can 
be cooled before being bloWn onto the person. Air can be 
cooled, for example, With a traditional compression or 
heat-pump air conditioner, vortex cooling, or With thermo 
electric cooling. Cooled air can also be generated using the 
“sWamp cooler” principle of vaporiZing Water into the air 
stream. When Water evaporates into the air, it cools the air. 
Then, the cooled air is applied to a person. 

[0013] After the air is cooled With one of the foregoing 
techniques, it can be delivered to a person by cooling the air 
in the person’s room. To save energy, cooling can be 
con?ned to the person rather than the Whole environment 
surrounding the person. One technique that uses this 
approach is the convective thermal device, Which has been 
implemented in a variety of forms. 

[0014] Although convective cooling removes the stress of 
environmental heat, it is minimally effective in active cool 
ing. This limited thermodynamic effectiveness is particu 
larly evident When trying to cool people With fevers. Gen 
erally, in order to be cooled by convection, a feverish person 
must be anesthetiZed and paralyZed to prevent the body’s 
heat-producing shivering response. Further, due to the ther 
modynamic inefficiency of convective cooling, this method 
of cooling uses considerable electrical poWer and generates 
considerable Waste heat, Which can be a problem in emer 
gency rooms or intensive care units. 

[0015] Having discussed conductive and convective cool 
ing, the ?nal mechanically induced cooling mechanism is 
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evaporative cooling. Sweating is a principal example of 
evaporative cooling. Because Water has a large heat of 
vaporization, large amounts of beat can be removed from the 
body by evaporating relatively small amounts of Water. For 
example, When a gram of Water evaporates, it extracts 540 
calories of heat (2.26 kJ) from the skin. On hot summer days, 
many people practice basic evaporative cooling by Wetting 
their skin or clothing With Water, and permitting the Water 
evaporate. Medical staff employ evaporative cooling by 
giving sponge baths to patients, Where the unclothed patient 
is Wetted With Water and alloWed to dry by evaporation. 
Sometimes a fan is pointed at the person to increase the 
evaporation rate. While sponge baths are indeed effective, 
they are labor intensive, messy, demeaning to body-con 
scious people, and impractical for prolonged cooling. 
Finally, evaporative cooing has limited effectiveness in high 
humidity environments 

[0016] Therefore, as shoWn above, conductive, convec 
tive, and evaporative cooling systems each have certain 
bene?ts and limitations. And, although some of the forego 
ing cooling products have certain advantages and might 
even enjoy some commercial success, engineers at Augus 
tine Medical, Inc. are continually seeking to improve the 
performance and ef?ciency of human cooling systems. 
Some areas of possible focus include simplifying hardWare 
designs, boosting the effectiveness of cooling systems, and 
cooling speci?c body parts. 

[0017] An additional area of focus concerns the manage 
ment of the liquid source during evaporative cooling. Intro 
ducing too much liquid causes liquid to spill over the area of 
focused cooling (the “cooling ?eld”), and pool under the 
person. Pooling of contaminated liquids presents hygienic 
and esthetic problems in the medical environment. On the 
other hand, if too little liquid is supplied, the cooling ?eld 
may dry out and stop or reduce cooling effectiveness. 

SUMMARY OF THE INVENTION 

[0018] Broadly, the present invention introduces cooling 
devices that utiliZe evaporative, convective, and/or conduc 
tive cooling to reduce a person’s temperature in aid of 
surgery, medical treatment, therapy, or comfort. 

[0019] One improved cooling device maximiZes evapora 
tive cooling by aiding the ?oW of air to the body and also 
removing vapor-laden air from the body. This device 
includes an upper sheet and a base sheet adhered in many 
locations such that the sheets cooperatively form an in?at 
able structure. The in?atable structure includes numerous 
elongated, substantially parallel, in?atable cooling cham 
bers, and betWeen each pair of neighboring cooling cham 
bers, a connecting membrane. The in?atable structure also 
includes numerous ventilating cross-members, each of 
Which spans and interconnects the cooling chambers. Air 
enters the chambers through an air inlet in the in?atable 
structure, and then exits the chambers toWard the person 
through numerous exhaust holes located in the base sheet. 
After being heated by the person’s body, this air can exit the 
in?atable structure through evaporation openings in the 
connecting membranes. 

[0020] In a different embodiment, upper and base sheets 
may be adhered in different locations to provide a cooling 
device With a cooling chamber that forms a continuous a 
serpentine path. The serpentine cooling chamber is held in 

May 1, 2003 

this con?guration by connecting membranes betWeen neigh 
boring segments of the path. In this embodiment, ventilating 
cross-members are unnecessary because all regions of the 
cooling chamber are in ?uid communication With each other. 
After air enters the chamber through an air inlet in the 
structure, the air exits the chamber toWard the person 
through numerous exhaust holes located in the base sheet. 
After being heated by the person’s body, this air can exit the 
in?atable structure through evaporation openings de?ned in 
the connecting membranes. 

[0021] Another embodiment of the invention concerns a 
generally rectangular cooling device that includes certain 
body-conforming features. Namely, the device has a number 
of body-contour slits extending inWard from the perimeter. 
Due to the slits’ locations, they permit the in?atable struc 
ture to conform to a person’s legs and outstretched arms. 

[0022] Still another embodiment of the invention concerns 
an in?atable cooling device that includes an evaporative 
cooling layer. This layer comprises a sheet of absorbent 
material capable of holding a substantial amount of Water. 
The absorbent sheet is placed in thermal contact With the 
person’s skin, saturated With Water, and then evaporatively 
cooled by the overlying thermal cooling device. As this layer 
cools (by evaporation), it has the effect of cooling the person 
(by conduction). The absorbent sheet may advantageously 
comprise a super-absorbent material such as starch-grafted 
sodium polyacrylate. 

[0023] Accordingly, as discussed above, the invention 
may be implemented to provide various types of apparatus, 
such as cooling devices described herein. In contrast, certain 
other embodiments concern methods for utiliZing such appa 
ratuses. 

[0024] The invention affords its users With a number of 
distinct advantages. By using a bloWer to induce evaporative 
cooling, the invention avoids the need for poWer consuming 
refrigeration equipment. As another advantage, evaporative 
cooling is thermally self-limiting, because it Will not pro 
duce surface temperatures that Would freeZe skin, as is the 
case With ice packs. Also, unlike ice and other phase change 
materials that can only maintain ?xed temperatures for a 
limited time, cooling With this invention can be sustained 
inde?nitely by periodically adding Water to the cooling ?eld. 

[0025] As another advantage, absent from previous 
approaches, this invention may incorporate a super-absor 
bent material into cooling devices. The super-absorbent 
material is capable of holding a large volume of Water 
relative to its mass. This material, once Wetted, can provide 
hours of evaporative cooling Without the need for a liquid 
reservoir and piping system to replenish the cooling ?eld. 
Consequently, cooling devices of this invention help dis 
courage the introduction of too much cooling liquid, and 
help prevent the cooling liquid from overWhelming the 
cooling ?eld and spilling over. 

[0026] Furthermore, the cooling devices of this invention 
include improved means to direct air ?oW through the 
device, maximiZing delivery of dry air to all areas of the 
cooling ?eld. Additionally, the invention employs ventila 
tion openings to aid the escape of saturated vapor from the 
cooling ?eld and alloW an increased in?ux of dry air. The 
invention also provides a number of other advantages and 
bene?ts, Which should be apparent from the folloWing 
description of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a perspective vieW of an improved 
in?atable cooling device according to the invention. 

[0028] FIG. 1A is a perspective vieW of an in?atable 
cooling device With a different chamber con?guration 
according to the invention. 

[0029] FIGS. 1B-1F are plan vieWs of various in?atable 
cooling devices With different chamber con?gurations 
according to the invention. 

[0030] FIG. 2 is a partial, cutaWay perspective vieW of the 
in?atable cooling device of FIG. 1. 

[0031] FIG. 3 is a perspective vieW of an in?atable 
cooling device having a number of body-contour slits, 
according to the invention. 

[0032] FIG. 4 is a cross-sectional side vieW shoWing hoW 
body-contour slits permit a section of in?atable cooling 
device to conform to a limb, according to the invention. 

[0033] FIG. 5 is a partial cross-sectional side vieW shoW 
ing an in?atable cooling device of the invention draped over 
a person, Where the device is equipped With an absorbent 
sheet according to the invention. 

[0034] FIG. 6 is a partial cross-sectional side vieW shoW 
ing an in?atable cooling device of the invention draped over 
a person, Where the device is equipped With a different 
embodiment of absorbent sheet according to the invention. 

[0035] FIG. 7 is a cross-sectional side vieW of an in?at 
able cooling chamber With absorbent base sheet, according 
to the invention. 

[0036] FIG. 8 is a cutaWay perspective vieW of the in?at 
able cooling chamber of FIG. 7. 

[0037] FIG. 9A is a side vieW of a cooling device With 
hand pockets, according to the invention, Where the device 
is placed over a person. 

[0038] FIG. 9B is a top vieW of the cooling device of FIG. 
9A, Where the device is placed over a person. 

[0039] FIG. 10 is a cross-sectional side vieW of a cooling 
device held ?rmly in place by side drapes tucked under a 
person’s body, according to the invention. 

[0040] FIG. 11 is a cross-sectional side vieW of an in?at 
able cooling chamber employing an absorbent base sheet 
With various pro-contact features, according to the inven 
tion. 

[0041] FIG. 12 is a cross-sectional side vieW of a cooling 
device With absorbent base sheet along With various anti 
runoff features, according to the invention. 

[0042] FIG. 13A is a perspective vieW of a cooling device 
With a continuous path serpentine cooling chamber, accord 
ing to the invention. 

[0043] FIG. 13B is a cross-sectional side vieW of one 
cooling chamber of the cooling device of FIG. 13A in 
greater detail. 

[0044] FIG. 14A is a top vieW of a reduced siZe cooling 
device utiliZing U-shaped in?atable cooling chambers, 
according to the invention. 
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[0045] FIG. 14B is a cross-sectional side vieW of the 
cooling device of FIG. 14A. 

[0046] FIG. 14C is a top vieW of the device in FIG. 14A, 
shoWing an alternate ?uid pathWay. 

[0047] FIG. 15 is a ?oWchart of an operational sequence 
for using the cooling devices of this invention. 

DETAILED DESCRIPTION 

[0048] The nature, objectives, and advantages of the 
invention Will become more apparent to those skilled in the 
art after considering the folloWing detailed description in 
connection With the accompanying draWings. 

HARDWARE COMPONENTS & 
INTERCONNECTIONS 

[0049] 
[0050] One aspect of the invention concerns a cooling 
device, implemented in various forms of cooling device as 
discussed beloW. This equipment is used to cool the human 
body in aid of surgery, medical treatment, therapy, or com 
fort. The invention utiliZes evaporative, convective, and/or 
conductive cooling. With evaporative cooling, a cooling 
liquid is applied to bodily regions, and then an evaporating 
gas is bloWn upon those regions to encourage evaporation of 
the cooling liquid, thereby cooling the body. Convective 
cooling occurs When cool air is bloWn upon a relatively 
Warm body, independent of any evaporative activity. With 
conductive cooling, the cooling structure itself is directly 
cooled, and since the cooling structure contacts the person, 
the person is ultimately cooled as Well. 

[0051] General Structure 

Introduction 

[0052] Cooling devices of this invention may take various 
forms as discussed beloW; they are generally ?eXible cov 
erings that lie on and drape over a body. After draping such 
a cooling device over a person’s body, an operator con?g 
ures the device to bloW air onto the person and thereby cool 
the person by convection, evaporation, and/or conduction. 
The inlet air may be dehumidi?ed in advance, to increase its 
Water-carrying capability and resultant cooling ability. 

[0053] FIG. 1 depicts one example, as shoWn by the 
device 100. The device 100 is constructed from upper and 
loWer sheets that are adhered together in various locations, 
such that the sheets cooperatively form an in?atable struc 
ture. This in?atable structure includes numerous elongated, 
substantially parallel in?atable cooling chambers 106. 
BetWeen each pair of neighboring cooling chambers 106 is 
a connecting membrane, exempli?ed by the connecting 
membrane 103. As an eXample, the connecting membranes 
103 may comprise substantially ?at regions Where the upper 
and loWer sheets are bonded, and serve to provide space 
betWeen neighboring cooling chambers 106. Also located 
betWeen each pair of neighboring cooling chambers 106 are 
numerous ventilating cross-members, such as the cross 
member 108. The cross-members permit air to ?oW freely 
betWeen the cooling chambers 106 despite the inter-chamber 
gap introduced by the connecting membranes 103. The 
device 100 also includes an inlet 170, Which may be 
permanently or removably attached to an inlet hose 104. 

[0054] In the connecting membranes betWeen adjacent 
cooling chambers, there are multiple evaporation openings 
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110, each penetrating both sheets. The separation of the 
cooling chambers 106, made possible by the connecting 
membranes 103 and cross-members 108, facilitates the 
presence of these evaporation openings. The evaporation 
openings 110 may comprise relatively large openings (as 
shoWn), patterns or other groups of many smaller openings, 
or natural openings in porous, ?brous, or otherWise air 
permeable materials. 

[0055] FIG. 2 shoWs additional features of the cooling 
device in more detail. Referring to FIG. 2, the upper sheet 
202 and the base sheet 204 are individually shoWn. In 
regions of the base sheet 204 that de?ne the cooling cham 
bers 106, there are numerous exhaust holes. As an example, 
the base sheet 204 de?nes numerous exhaust holes 200 in the 
regions of the base sheet 204 that form the chamber 206. In 
one embodiment, the base sheet 204 may comprise an 
otherWise air impermeable material, With many tiny holes 
200 de?ned therein. In another embodiment, the base sheet 
204 may include an air permeable exhaust region made from 
a substance such as a Woven fabric, mesh, a ?exible lattice, 
?brous structure, or another substance that naturally de?nes 
many tiny holes 200. Additional apertures may be created to 
enhance air?oW if desired. 

[0056] Different Chamber Con?gurations 

[0057] Serpentine: One Example 

[0058] FIG. 1A shoWs a different construction of cooling 
device, With one a cooling chamber that forms a continuous 
a serpentine path. The device 150 includes upper and base 
sheets 154, 156, Which are separated at one corner of the 
device for illustration purposes only. The sheets 154, 156 are 
adhered in various locations, such that the sheets coopera 
tively form an in?atable structure. As depicted, this in?at 
able structure includes a single serpentine cooling chamber 
152. Neighboring segments of the chamber 152 are sepa 
rated a region of the upper/base sheets referred to as a 
connecting membrane, exempli?ed by the connecting mem 
brane 153. As an example, the connecting membrane may 
comprise substantially ?at regions Where the upper and 
loWer sheets are bonded, and serve to provide space betWeen 
neighboring segments of the serpentine chambers 152. 

[0059] Ventilating cross-members (such as 108 in FIG. 1) 
may be utiliZed, although they are unnecessary due to the 
contiguous nature of the serpentine chamber 152. Namely, 
air freely ?oWs throughout the contiguous, one-piece cham 
ber 152. 

[0060] In the connecting membrane betWeen adjacent 
paths of the chamber 152, there are multiple evaporation 
openings, each penetrating both sheets. The evaporation 
openings may comprise relatively large openings 160, pat 
terns or other groups of smaller openings 162, or natural 
openings (not shoWn) in porous, ?brous, or otherWise air 
permeable materials. 

[0061] The base sheet 156 may comprise similar materials 
as in the previously illustrated device 100, Wherein the base 
sheet includes multiple exhaust holes (not shoWn) in regions 
that constitute the chamber 152. Air enters the chamber 
through an inlet 159, Which may be permanently or remov 
ably attached to an inlet hose 158. Air enters the chamber 
152 via the inlet 159, and ultimately exits the chamber 
toWard the person through the exhaust holes located in the 
base sheet. An exit port 168 may be added to moderate 
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in?ation pressures. After being heated by the person’s body, 
this air can exit the in?atable structure through evaporation 
openings 160, 162 de?ned in the connecting membranes. 

[0062] Different Serpentine Chamber Con?gurations 

[0063] In addition to the serpentine pattern speci?cally 
illustrated in FIG. 1A, the invention contemplates a variety 
of other serpentine patterns. For example, FIG. 1B illus 
trates a cooling device employing a contiguous serpentine 
chamber having six parallel segments. The device 120 also 
includes drapes 122 and slits 124, for use as described 
beloW. As a different example, FIG. 1C exempli?es a 
cooling device 130 With a contiguous serpentine chamber 
having ten parallel chambers. 

[0064] FIG. 1D depicts a cooling device 140 With a 
four-segment serpentine chamber, including tWo longer seg 
ments 141, 144 and tWo shorter segments 142-143. With this 
con?guration, the device end With the shorter chambers 
142-143 is placed over the patient’s torso. For reasons 
described beloW, the device 140 may include drapes 145 
148. 

[0065] FIG. 1E depicts a device 180 having a contiguous 
serpentine chamber including six segments con?gured as 
shoWn. With this arrangement, the device’s narroWer end 
182 may be oriented toWard the patient’s feet With the Wider 
end 164 toWard the patient’s head. FIG. 1F shoWs still 
another cooling device 170, With a serpentine chamber that 
includes six segments con?gured as depicted. The device 
170 includes drapes 171-174, the functions of Which are 
described beloW. 

[0066] In addition to the foregoing patterns, the invention 
also includes a variety of other shapes that provide similarly 
enhanced air?oW. For example, the device may include one 
or more chambers exhibiting a grid pattern, crisscrossing 
pattern, lattice, intersecting circles, etc. 

[0067] Body-Conforming Shape 
[0068] The present invention contemplates various modi 
?cations enabling cooling devices to more closely conform 
to the human shape. To illustrate one example, FIG. 3 
depicts a cooling device 300 With a generally rectangular 
outline that de?nes sides 350-351, a bottom edge 354, and 
a top edge 355. The device 300 has a longitudinal dimension 
320 and a lateral dimension 361. 

[0069] The device 300 readily conforms to the human 
shape because of various body-contour “slits” extending 
inWard from the device’s perimeter. Although illustrated by 
cuts or breaks in the device, slits may also be embodied by 
perforated areas, Weakened regions, loosely bound areas, or 
other intended patterns of Weakness. Furthermore, slits may 
include sealed seams Where needed to prevent de?ation of 
in?atable components. The slits are advantageously located 
so as to permit the device 300 to conform to a supine 
person’s legs and outstretched arms. Although the exact 
position of each slit may be varied While still achieving the 
goal of conforming the device 300 to the person’s limbs, 
FIG. 3 shoWs one exemplary con?guration of slits 302-310. 

[0070] The slits 302-305 de?ne a arm pair of complemen 
tary arm ?aps 360, 370, Which longitudinally bend about the 
person’s outstretched arms (not shoWn). The slits 306-309 
are aligned With the person’s hips, With the slit 310 being 
running parallel (and in betWeen) the person’s legs. The slits 


















